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ZEOLITES AS ALCOHOL ADSORBENTS
FROM AQUEOUS SOLUTIONS
Blagica Cekova, Dragi Kocev, Elena Kolcakovska and Daniela Stojanova
The potential usage of zeolites as adsorbents for the removal of organic molecules 
from water was investigated in a series of experiments with aqueous solutions of lower 
alcohols. This could represent a simple solution to the problem of cleaning up industrial 
wastewater as well as recovering valuable chemicals at relatively low costs. Adsorption 
isotherms of the Langmuir type were applied, and calculations showed that the amount of 
propanol adsorbed on silicalite corresponded to approximately 70% of the pore volume. 
The adsorption process is simple, and recovery of the more concentrated products is easily 
done by heat treatment and/or at lowered pressures.
Adsorption experiments with aqueous acetone showed that silicalite had approxi-
mately the same adsorption capacity for acetone as for n-propanol. Heats of adsorption 
were determined calorimetrically.
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INTRODUCTION
Theremovalofhazardousorganicmaterialsfromwastewaterisoneofthemostimpor-
WDQWHQYLURQPHQWDOLVVXHVWREHVROYHGWRGD\+\GURSKRELFVRUEHQWVWKDWHI¿FLHQWO\DGVRUE
organic compounds from diluted aqueous solutions could represent a simple solution to
the problem of cleaning up industrial wastewater as well as recovering valuable chemicals
at relatively low costs. An example is aqueous ethanol, where the distillation of solutions
with concentrations of less than 10 % is an expensive process with high-energy consump-
tion. Increasing the content of ethanol to 30-40 % in one simple, inexpensive process unit
FRXOGPHDQWKHUHFRYHU\RIODUJHDPRXQWVRIDOFRKROZLWKJRRGFRVWHI¿FLHQF\
Due to their hydrophobic nature, silicalites have interesting possibilities in this regard.
Regular Si/Al-zeolites have adsorption capacities for alcohols/water in the following or-84
der: H2O > MeOH > EtOH > PrOH, whereas silicalites are expected to give the reversed
order of adsorption (1).
=HROLWHVDUHWKUHHGLPHQVLRQDOPLFURSRURXVFU\VWDOOLQHVROLGVZLWKZHOOGH¿QHGVWUX
ctures which contain aluminum, silicon and oxygen in their regular framework (2). Since
they have pore size of several angstroms, zeolites are able to separate components of a
mixture on the basis of a difference in molecular size (i.e. molecular sieving effect). The
zeolite pore size is mainly determined by its unique structure, but it can also be affected
by zeolite composition.
In addition to the molecular sieving effect, zeolitic hydrophilic/hydrophobic nature is
also a very important attribute of zeolites for prevaporation. Zeolite hydrophilic/hydro-
phobic property mainly depends on the Si/Al ratio, i.e., zeolitic hydrophilic property in-
creases as the aluminum content in the zeolite framework increaces and vice versa (2).The
localized electrostatic poles between the positively charged cations and the negatively
charged zeoltic framework strongly attract highly polar molecules, resulting in a hydro   
philic structure.
Hydrophobic/hydrophilicnatureofzeolitesalsoappearstodependontheirframework
structure (3,4). Pure siliceous zeolite beta has been reported to be much more hydropho-
bic than silicalite-1 and the other siliceous 12-numbered ring zeolites, even though they
contain almost no aluminum. Besides, silicalite-1 and beta both possess intricate three-
dimensional channel systems, and may discriminate competing molecules on the basis of
the difference in their molecular shape.
EXPERIMENTAL
Silicalite-1, silicalite-2, F-silicalite,Alpo-5 and ZSM-5 zeolites were synthesized, and
WKHLUVWUXFWXUHVZHUHYHUL¿HGE\;UD\GLIIUDFWLRQVSHFWURVFRS\
The adsorption experiments were carried out with 0.5-2.0 vol. % solutions of metha-
nol, ethanol, n-propanol and acetone, respectively. The solutions were added to the dried
(600°C) sorbents, using 100 mg of the solid per ml solution.After 1 hour at room tempera-
ture, the liquid was analyzed on a gas chromatograph. Using longer periods of adsorption
WLPHGLGQRWLQÀXHQFHWKHUHVXOWV
RESULTSAND DISCUSSIONS
Langmuir-type isotherms for the described systems are presented in Fig. 1 and Fig.
2, showing the amounts of adsorbed organic compounds as a functions of liquid concen-
trations at equilibrium. Table 1 shows a series of experiments with 2 % solutions of the
alcohols.
This shows that silicalite has the best adsorptive properties, and that the adsorption
capacities decrease in the order PrOH > EtOH > MeOH. Aluminum-phosphate zeolite
adsorbed comparatively small amounts, showing little discrimination between the three
alcohols, and ZSM-5 showed similar results for PrOH, but adsorbed more of EtOH and
MeOH.
The isotherms for PrOH adsorption on silicalite and F-silicalite shown in Fig. 1a are
LQLWLDOO\YHU\VWHHSDQGWKHQÀDWWHQRIIWRZDUGVDVDWXUDWLRQYDOXH0H2+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an entirely different pattern, with almost linear isotherms and low increase of adsorption
with increasing concentration in the solution. On the other hand, the EtOH isotherms are
SRVLWLRQHGVRPHZKHUHEHWZHHQWKHVHZLWKOHVVZHOOGH¿QHGVDWXUDWLRQYDOXHVWKDQIRU
PrOH, but considerably higher adsorption than MeOH. The equilibrium constants for ad-
sorption from very diluted solutions, represented by the initial slopes for the isotherms in
Fig. 1, are clearly more favorable for propanol than for ethanol, and in both cases higher
with silicalite-1 as sorbent than with F-silicalite (6,7).
Table 1.Adsorption capacity (2% ROH solutions, 100 mg sorbent/ml)
SORBENT SORBATE mg ROH/g sorbent
Silicalite-1
PrOH
EtOH
MeOH
105
82
31
F-Silicalite
PrOH
EtOH
MeOH
82
70
12
Silicalite-2
PrOH
EtOH
MeOH
65
45
21
Alpo-5
PrOH
EtOH
MeOH
23
18
15
ZSM-5
PrOH
EtOH
MeOH
20
59
40
Fig. 1.Adsorption isotherms for distribution of alcohols between sorbent and solution.
The sorbents are silicalite (•DQG)VLOLFDOLWHŸ'RWWHGOLQHVUHSUHVHQWLQLWLDOHTXLOLEULXP
constant, K (a) Isotherms for n-propanol adsorption; (b) Ethanol adsorption86
Fig. 2b shows the adsorption isotherm for acetone; with the PrOH values plotted in
order to illustrate the similarity. The amounts of PrOH and acetone adsorbed on silicalite
corresponded to approximately 71% of the pore volume and for PrOH on F-silicalite ap-
proximately 61 %, showing that these sorbents preferably adsorb these compounds from
water.
Calorimetric measurements showed the heats of adsorption for PrOH to be 27 kJ/mol
for silicalite and 18 kJ/mol for F-silicalite. These preliminary measurements were carried
out by adding excess amounts of alcohol to the sorbents.
CONCLUSIONS
The described results indicate that silicalites have interesting properties concerning
the removal of organic molecules from water. The adsorption capacity decreased in the
order PrOH | acetone > EtOH > MeOH > H2O, which is the reversed order of adsorption
on regular Si/Al-zeolites. Alpo-5 zeolite is less polar than Si/Al-zeolites, but has more
polar and hydrophilic nature than silicalite, due to the different electronegativities for Al
and P, and the effect of this was investigated. It was found to have low adsorption capacity
for these alcohols. The molar amount adsorbed was approximately the same for all three
alcohols – 0.35-0.39 mmoles of alcohol per gram zeolite. It thus seems as if the alcohols
are selectively adsorbed on a limited number of sites in theAlpo structure. ZSM-5, which
was included in the experimental series in order to illustrate the differences in adsorptive
properties between the different types of zeolites, adsorbed only small amounts of PrOH,
as expected.
This work shows that silicalites have interesting properties that may be utilized for
the removal and recovery of organic molecules like alcohols and ketones from water. The
adsorption process is simple, and recovery of the more concentrated products is easily
done by heat treatment and/or at lowered pressures. Further studies will comprise similar
Fig.2.Adsorption isotherms (a)Adsorption of methanol on silicalite (•DQG)VLOLFDOLWHŸ
b)Adsorption of n-propanol (•DQGDFHWRQHŸRQVLOLFDOLWH87
experiments with other water-soluble organic compounds such as phenols, organic acids,
aldehydes and others. The only restriction to be considered in this regard is the size of the
molecules that have to be able to pass through the pores of the sorbents.
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